Abstract. We analyze the relationship between the speed of light c e and the speed of gravity c g in the bi-metric theory of gravity. We reveal that in this theory the speed of light is a function of the speed of gravity which is a primary fundamental constant. Thus, experimental measurement of c e in the framework of the bi-metric theory is merely a convoluted way to measure c g .
Any plausible bi-metric theory of gravity operates with two metric tensors. One of them, g αβ , makes a gravity null cone along which weak gravitational waves propagate with speed c g , while the other,g αβ makes a light null cone along which electromagnetic waves propagate with speed c e . Had the difference between the two null cones existed the Lorentz-invariance of gravity would be violated. Thus, experimental measurement of the difference between the speed of light and that of gravity is crucially important for testing the Lorentz invariance of gravity [1, 2, 3] .
To model this difference we use the bi-metric theory of gravity proposed in [4] . It defines the speed of light c e as a function of the speed of gravity c g c e = c g (
where 0 ≤ ǫ ≤ 1 is a sliding parameter characterizing the difference (Lorenzt-invariance breaking) between the gravity and light null cones. Practical measurement of the parameter ǫ can be rendered in gravitational experiments in which the gravitational field is time-dependent, but proper interpretation of this measurement requires to chose a specific system of units [5] .
If one assumes the gravitodynamic system of units with c g = 1 [4, 9] , then, the speed of light c e is measured and it is expressed in terms of the parameter ǫ as c e = (1 − ǫ) 1/2 . On the other hand, if one assumes the electrodynamic (metric) system of units [1, 2, 3, 6] with the speed of light c e = 1, then the speed of gravity is measured and it is expressed in terms of the parameter ǫ as c g = (1 − ǫ) −1/2 . We emphasize that neither the speed of light nor the speed of gravity can be measured independently of the assumption of the system of units used for measuring astronomical distances. Irrespective of the choice of the system of units the primary measured parameter of the bi-metric theory of gravity is
In order to measure ǫ one has to conduct experiment in which light propagates through time-dependent gravitational field so that both metrics, g αβ andg αβ , interfere. Theoretical analysis and interpretation of such experiment can be done in either gravitodynamic, c g = 1, or SI system, c e = 1, of units depending on a particular theoretical framework used in the data processing algorithm. This kind of experiment has been proposed in [6] and completed in September 2002 [7] . The basic idea of [6] was to measure the retarded position of Jupiter on its orbit by observing deflection of light from quasars caused by moving gravitational field of Jupiter (see [1, 2, 3, 6] for more details). In order to interpret the results of the experiment properly one must understand how the model tells us the coordinates of Jupiter are measured [5] .
Coordinates r J and velocity v J of Jupiter can be 'mathemtatically' observed in the bi-metric theory in two ways -with ranging process based on propagation of either electromagnetic or gravitational high-frequency waves. The corresponding equations describing the ranging process in the first approximation are concequences of the Maxwell and gravity field equations of the bi-metric theory [4] . They read respectively as follows
where t and x are time and space coordinates of emitter, t e and t g are the instants of times of electromagnetic and gravitational waves respectively when they reach Jupiter. We emphasize that in the ranging measurement only time intervals and the speed of the signal used for the measurement, are known, so that coordinates of the ranging body (Jupiter) are expressed in terms of them. If one postulates [4] that the speed of gravity c g = 1 ‡ then the speed of light c e is a measurable quantity and can not be employed in order to express ranging distances in terms of it. This crucial point is clearly understood, for example in [8] , in contrast to [9, 10, 11] where the speed of light c e is contradictively used simultaneously as both a measured parameter and a ruler for measuring ranging distances. In the system of units with c g = 1 [4] the coordinates of Jupiter x J are mathematically expressed in terms of the product of the 'mathematically known' speed of gravity c g = 1 and time interval t − t g from equation (4), that is they do contain a hidden dependence on the speed of gravity c g as correctly stated in our paper [5] . Hence, measuring the speed of light c e in the system of units with c g = 1 [4, 9, 10, 11] is merely a convoluted way to test whether c g = 1 or not. We emphasize that the speed of gravity c g is a primary fundamental constant in Carlip's bi-metric theory of gravity [4] which value does not depend on a choice of a frame of reference. This property of the speed of gravity in Carlip's theory makes it clear that any reference frame can be used to measure its value with respect to the speed of light. Therefore, we do not specify a particular frame in which the equation (4) is valid since it is gauge-invariant in the linearized approximation of the particular bi-metric theory of gravity [4] under consideration. The speed of gravity c g enters the gravitational metric g αβ as well as the first and second time derivatives of the metric g αβ . Had c g = ∞ the time derivatives of the metric tensor were totally supressed [1, 2, 3] and their impact on the relativistic deflection and/or time delay of light could not be observed in gravitational experiments [1, 2] . The speed of light c e in the bi-metric theory [4] enters through coordinate of the light particle (photon) moving in gravitational field. In contrast to the speed of gravity, the speed of light c e is frame-dependent and subject to measurement with respect to the speed of gravity c g in the form of the parameter ǫ given by equation (2) .
Currently gravitational waves are not directly measurable. Hence, we can not use them for direct practical measurement of distances to astronomical bodies in the solar system. Nevertheless, we can assume (as it is done in Carlip's paper [4] ) that ‡ Any other constant numerical value of c g works in the same way and leads to the same physical conclusions. Hence, the apparent apperance of c g in theoretical equations does not change conclusions of this and previous our papers [5] . Carlip [9] erroneously believes that theoretical interpretation of the jovian experiment [3] depends on whether c g appears explicitly in equations or not.
their coordinates and velocities have been 'mathematically' measured on the basis of the gravity-wave ranging equation (4) and, then, compared with their coordinates and velocities obtained on the basis of the radio-ranging equation (3) . This procedure leads to the 'speed of light' interpretation of the Fomalont-Kopeikin experiment [7] in which the speed of gravity c g is fixed with a prescribed numerical value while the speed of light c e is measured with respect to it.
In real astronomical practice, however, the speed of light c e is precisely known and fixed in SI system of units by the value of 299792458 m/s [12] . Specifically this value of the speed of light was used in the jovian experiment [7] as a reference speed for indirect measuring of the speed of gravity c g via equation similar to (2) and derived more precisly in [2] . It is important to realize that both 'speed of light' [4, 10, 11] and 'speed of gravity' [1, 2, 3, 6, 7] interpretations of the Fomalont-Kopeikin experiment [7] are mathematically equivalent but making emphasis on the 'speed of light' interpretation conceals the true physical meaning of the experiment [7] which tested the Lorentzinvariance of gravity with respect to that of light and confirmed that c g = c e which means that the gravitational field is Lorentz-invariant and can not propagate with infinite speed. Any gravitational experiment uses observation of test particles with properly calibrated instruments in order to infer various, yet unknown properties of the gravitational field. Intrinsic properties of test particles are studied locally in laboratory experiments and are not measured in gravitational experiments which primary goal is to measure properties of the gravitational field. The opposite claim by Carlip [4, 9] who uses equation (3) for both measuring ranging distances and the speed of light is misleading and practically irrealizable.
Fomalont-Kopeikin experiment [7] measures the time delay t − t g in the left side of equation (4) by observing time-dependent post-Newtonian correction to the Shapiro time delay [2, 6] . This time delay is compared with the time delay t − t e in equation (3) which is based on the radio ranging measurements of satellites orbiting Jupiter and is obtained from JPL ephemerides. This comparison allows us to evaluate the speed of gravity c g with respect to the speed of light c e as experimentally demonstrated in [7] .
